Purpose Nausea is a frequent and distressing symptom in advanced cancer patients. The objective of this retrospective study was to determine predictors of response to palliative care consultation for chronic nausea in advanced cancer outpatients. Methods Eligible patients included were outpatient supportive care center seen consecutively for an initial consultation and who had one follow-up visit within 30 days of the initial consultation. We reviewed the medical records of 1,273 consecutive patients, and 444 (35 %) were found to meet the eligibility criteria. All patients were assessed using the Edmonton Symptom Assessment Scale (ESAS). Nausea response was defined as an improvement of at least 30 % between the initial visit and the first follow-up. We used logistic regression models to assess the possible predictors of improvement in nausea. Results Overall, 112 of 444 patients (25 %) experienced moderate/severe chronic nausea (ESAS item score ≥4/10). Higher baseline nausea intensity was significantly related to constipation (r=0.158; p=0.046) and all the symptoms assessed by the ESAS (p<0.001). Sixtyeight of the 112 (61 %) patients with moderate/severe nausea at baseline showed a significant improvement at the follow-up visit (p<0.001). The main predictors for nausea response were improvement of fatigue (p=0.005) and increased appetite (p=0.003). Conclusions Baseline nausea was associated with all the ESAS symptom and improvement of fatigue and lack of appetite predicted a lower frequency of nausea at follow-up. More research is necessary to better understand the association between nausea severity and other symptoms and to predict which interventions will yield the best outcomes depending on the mix and severity of symptoms.
Introduction
Patients with advanced cancer experience notable physical and psychosocial symptoms [1, 2] . The most frequent symptoms include pain, fatigue, weight loss, lack of appetite, nausea, anxiety, shortness of breath, and confusion [3] . The main causes of these symptoms are related to progression of the disease and complications of treatments such as chemotherapy and/or radiation therapy. Symptom distress is a significant predictor of quality of life in advanced cancer patients [4] . Among these patients, the frequency of one particularly distressing symptom, chronic nausea, is approximately 60 % [5] .
Nausea may be defined as an unpleasant feeling of the need to vomit, often accompanied by autonomic symptoms such as pallor, cold sweat, salivation, tachycardia, and diarrhea [5] . The etiology of chronic nausea in advanced cancer patients is often multifactorial. It can be caused by drugs such as opioids, delayed gastric emptying, mechanical bowel obstruction, increased intracranial pressure, vestibular dysfunction, metabolic problems, and cortical effects such as anxiety or depression. The most common cause is delayed gastric emptying (in 35-44 % of cases) [6, 7] . In addition, symptoms such as chronic nausea have been reported to be closely related to other symptoms and to patient demographics [8] .
Chronic nausea has been ranked as the most distressing side effect of chemotherapy [9] . The management of this stressful multifactorial symptom requires comprehensive interdisciplinary care because the negative consequences of leaving it uncontrolled can include physical complications of anorexia and fatigue, impaired performance status, diminished quality of life, and increased medical costs and psychosocial distress [10] . Failure to control nausea may also further decrease a cancer patient's chances of prolonged survival or cure if the nausea causes delays in treatment [11] . Although few studies have looked at the epidemiology of chronic nausea, its intensity and the predictors of response to treatment determining these features would aid on developing appropriate management strategies regarding this symptom.
Palliative care services have been shown to be effective in managing many distressing symptoms in advanced cancer patients [6, [12] [13] [14] [15] ; however, predictive factors for response remain unclear. Our objective in this retrospective study was to determine predictors of response to outpatient palliative care consultation for chronic nausea. We reasoned that if this study gave us the ability to stratify patients into risk categories for chronic nausea, then we would be able to develop optimal treatment strategies in patients with advanced cancer and thereby improve their quality of life.
Methods

Participants
This study received approval from The University of Texas MD Anderson Cancer Center Institutional Review Board. We reviewed the electronic medical records of consecutive patients seen by palliative care physicians in the outpatient Supportive Care Center for an initial consultation between February 18, 2008 and February 18, 2010 . Patients were included if they were 18 years or older and had a diagnosis of advanced cancer (defined as locally advanced, recurrent or metastatic disease) and were referred to the Supportive Care Clinic. To be eligible for this study, patients had to have prospectively completed the Edmonton Symptom Assessment Scale (ESAS) questionnaire at the initial and the follow-up clinic visits and have attended at least one followup visit within 30 days of the initial consultation.
Supportive care clinic
The Supportive Care Center's interdisciplinary team is led by board-certified physicians. Other important members include a palliative care-trained registered nurse, pharmacist, nutritionist, chaplain, social worker, psychiatric nurse-counselor, and wound care nurse. The care of all patients follows a standardized management plan [16] . Patients and their families are initially assessed by the registered nurse using tools such as the ESAS, Memorial Delirium Assessment Scale (MDAS), constipation and family support questionnaires [2] . Patients are routinely screened by nurses for constipation, asking them about their usual bowel movement, the consistency of the stools and their last bowel movement. The nurse then discusses the findings with a palliative care specialist, who subsequently conducts interviews the patient and the family and performs a physical examination. The physician and the nurse then ask appropriate members of the interdisciplinary team to participate based on the patient's and family's particular needs. These interventions and care provided by the interdisciplinary team follow palliative care guidelines established by the National Comprehensive Cancer Network and National Consensus Project and have been outlined elsewhere [17] . They focus on (a) assessing and managing cancerrelated symptoms, including pain, fatigue, nausea, anorexia, anxiety, depression, sedation, dyspnea, sleep disturbance, and impaired feeling of well-being; (b) facilitating patients' and caregivers' understanding of the disease and treatment goals; and (c) providing assistance to patients and their caregivers in coping with a life-threatening illness and in decision-making.
Instruments
The ESAS measures the response to ten common symptoms (pain, fatigue, nausea, depression, anxiety, drowsiness, shortness of breath, lack of appetite, sleep disorders, and impaired feeling of well-being) in patients with cancer. The ESAS asks patients to rate the intensity of these symptoms over the past 24 h using an 11-point numeric rating scale, from 0 (no symptoms) to 10 (worst possible symptoms) [18] [19] [20] . This questionnaire has been validated in cancer populations [19, 21, 22] and has been reported as a good tool for nausea assessment in this population [23] . The ESAS yields a total score and two subscale scores. These scores have been validated in advanced cancer patients with good reliability when compared to others tools [19, 20, 22, 24] . The total symptom distress score (TSDS) is the sum of the scores for the ten symptoms for a total score of 0-100 [22] . The physical distress subscore (PHS) was the sum of scores for seven symptoms (pain, nausea, tiredness or fatigue, drowsiness, appetite, shortness of breath or dyspnea, and sleep), and the psychological distress subscore (PSS) was the sum of scores for three symptoms (depression, anxiety, and feeling of well-being) [25] .
The CAGE questionnaire is a simple, four-item, validated tool used to screen for a recent history of alcoholism; this questionnaire is already incorporated in our palliative care service's routine assessment [26] . A finding of two positive answers is more than 85 % sensitive and 90 % specific for the diagnosis of alcohol abuse and/or dependence [27] . Patients positive for alcoholism are at risk for higher symptom distress [28] .
Assessment
Demographic information (i.e., age, sex, ethnicity) and clinical data (i.e., cancer diagnosis, primary symptom diagnosis, metastatic site) were collected. We documented chemotherapy regimen (agent, dose) as well as radiation (irradiated site, dose per fraction) during the previous month. We classified the type of chemotherapy regarding the potential emetogenicity using the American Society of Clinical Oncology (ASCO), European Society for Medical Oncology (ESMO) and Multinational Association Of Supportive Care In Cancer (MASCC) guidelines [29, 30] . We also documented radiation during the previous month (irradiated sites and dose per fraction). We classified the risk level of the irradiated sites using the ESMO and MASCC guidelines [30] . Lastly, we documented cancerrelated surgery during the previous month.
We also collected scores from the ESAS, a constipation assessment, information regarding any current bowel obstructions, signs of current increased intracranial pressure, the CAGE questionnaire, the type of opioid and the morphine equivalent daily dose (MEDD), The total dose each analgesic was translated into its oral MEDD using standard tables [31] .
We also reviewed the medication regimen (e.g., antiemetics, laxatives) received by the patient at the time of the referral to the palliative care team as well as the medication changes after the consult.
We also collected data on interventions (pharmacologic or non-pharmacologic) provided by the palliative care team by reviewing clinical/consultation notes. The outcomes of these interventions were evaluated by quantifying symptom evolution between the initial consultation and the first follow-up. Interventions were determined by reviewing the consultation notes completed by the palliative care team.
We defined clinical response as an improvement of at least 30 % or more on the ESAS between the initial visit and the first follow-up visit, as suggested by others [32] [33] [34] .
Statistical considerations
We report categorical variables with frequencies and percentages and continuous variables by their mean and standard deviation if they were normally distributed. If they were not normally distributed, we report the median and interquartile range (Q1-Q3), and analyzed the data using non-parametric methods. Student's two-tailed t-test was used to compare the frequencies of no/mild nausea and moderate/severe nausea. Assuming alpha = 0.05, we calculated that we would have >99 % power to detect a difference of least 30 % on the ESAS scale [35] . Similarly, each individual factor from all of the instruments was tested for any effect on the ESAS score using Student's two-tailed t-test. Because there were many comparisons, we corrected the results using Bonferroni methods. Power was estimated to remain >99 % for up to 50 comparisons. Pearson correlation coefficients and associated p values are reported comparing each ESAS item between no/mild and moderate/severe nausea. Mann-Whitney U-tests and chisquare tests were performed to determine factors associated with chronic nausea, where chronic nausea is defined as patients with at least moderate nausea (scores ≥4; N=112). Estimates of effect size are presented as odds ratios (OR) based on the results of univariate logistic regressions.
Stepwise logistic regression was attempted to create a multivariate model for change in ESAS nausea item score following palliative care consultation. As no model retained more than one significant variable, multiple regression results are not reported in this paper. We considered p values <0.001 statistically significant. All statistical analyses were performed using SAS version 9.2 (SAS Inc., Cary, NC).
Results
Patient characteristics
Of the 1,273 consecutive screened patients, 444 (35 %) met the eligibility criteria. Among eligible patients, the median age was 59 years (Q1-Q3, 51-65) and 218 (49 %) were women ( Table 1) . The most common types of cancer were gastrointestinal and respiratory. Fifty patients (11 %) had brain metastases. During the preceding month prior to palliative consultation, 183 patients (46 %) received chemotherapy and 83 (45 %) patients received moderately to highly emetogenic chemotherapy. Sixty (14 %) received radiotherapy during the month preceding their initial consultation with 24 (41 %) patients receiving dose per fraction higher than 3 Gy, and four (7 %) patients receiving irradiation in a moderate risk site and non in high risk site. Only 25 (6 %) patients received concomitant chemo-radiotherapy and four (0.01 %) had surgery in the same period (Table 1) .
Baseline chronic nausea intensity and associated outcomes Table 2 shows that of the 444 patients, 112 (25 %) experienced moderate/severe chronic nausea (ESAS score for nausea ≥4/10) at baseline, with a median score for the complete sample of 1 (Q1-Q3, 0-4). Two hundred twenty-two patients (50 %) were constipated and 280 (63 %) were receiving opioids with a median MEDD of 90 mg (Q1-Q3, 48-180) .
We did not find any association between patient demographic, clinical characteristics or the treatment received (chemotherapy, radiotherapy) during the month preceding their initial consultation and the intensity of baseline nausea (Table 3 ). However, higher baseline nausea intensity was significantly related to constipation Q1-Q3 first through third quartiles a These include neuroendocrine cancers, sarcoma, melanoma, skin cancers, brain cancers, and unknown malignancies b The total is higher than 100 % because some patients had multiple sites of metastasis. MEDD: mean equivalent daily dose; Q1-Q3: first through third quartiles Corticoids 81 (18) a The total is higher than 100 % because some patients had multiple antiemetic treatment (r=0.158; p=0.046) and all the symptoms assessed by the ESAS (p<0.001). We also found a significant positive association between baseline nausea intensity and the presence of anti-emetic medication (r = 0.193; p < 0.001); laxative use was significantly related to higher nausea intensity (r=0.116; p<0.015) as well as metoclopramide (r=0.096; p=0.042).
Chronic nausea intensity at the follow-up visit and associated outcomes Table 4 shows no significant difference in the ESAS nausea response based on the moderate severe category of baseline nausea. We found that 156 patients (35 %) experienced no change in their nausea intensity between the two visits and 145 (33 %) and 143 (32 %) experiencing a worsening and improvement in nausea intensity, respectively. Table 5 shows no univariate association between baseline ESAS, medication changes and other symptoms and ESAS nausea response.
ESAS nausea improvement after one visit to our supportive care outpatient center was associated with improvements in fatigue, and appetite at follow-up (Table 6) .
Among the 112 patients with moderate/severe nausea, 69 (62 %) also experienced constipation at baseline compared to 33 (29 %) at the follow-up visit. Of the 69 constipated patients at baseline, 44 were not constipated anymore at the follow-up visit. Of these 44 patients, 36 (82 %) had a ≥30 % improvement in nausea, about the twice the rate among patients who were constipated at both the baseline and the follow-up visit. Severe nausea (7-10), N=44
17 (39) 27 (61) a Responder defined as 30 % improvement on ESAS nausea item score at follow-up for patients with baseline moderate/severe nausea. Nonresponder defined as less than 30 % improvement on ESAS nausea item score at follow-up for patients with baseline moderate/severe nausea b Chi-square test
At the follow-up visit, 68 (61 %; 95 % confidence interval [CI], 56-66 %) of the 112 patients experiencing moderate/severe nausea at baseline showed a significant improvement (p<0.001); however, because other patients developed or had worsening nausea, the total number of patients experiencing moderate/severe nausea at follow-up was the same as that at baseline (Fig. 1) .
Treatment change after the initial consult visit
The most frequent pharmacological intervention was the initiation/increase of laxative use in 54 % of patients, followed by initiation/increase of opioids and anti-emetics (Fig. 2) . Regarding antiemetic medications, we found an important increase of the number of metoclopramide prescription from 54 (12 %) to 196 (44 %).
Discussion
In this study, we found that nausea was a frequent symptom, with 228 patients (51 %) experiencing at least some nausea and 112 patients (25 %) experiencing moderate/severe nausea. Our findings suggest that constipation was significantly more frequent in patients with moderate/severe nausea. In addition, the results suggest that constipation management was a key step in nausea management, as shown by the high rate of nausea abatement among patients who were initially The frequency of chronic of nausea reported in this study is consistent with results reported in previous studies [37, 39, 40] ; however, compared to previous studies, which explored nausea related to chemotherapy [17, 34, 41] , our study is one of the first to evaluate the specific problem of chronic nausea among outpatient advanced cancer patients receiving palliative care.
This study also confirms our previous finding that even one outpatient palliative care consultation can have a positive effect on many cancer-related symptoms. Specifically the response rate for nausea of 61 % supports the 71 % rate of improvement in our previous study. [2] These results were also consistent with prior published literature [37, 42] . Nausea responded better to intervention than either fatigue or a poor feeling of well-being [43] . Response in our patients was probably related to changes in the antiemetic regimen (i.e., metoclopramide) as well as the overall symptom management.
We believe these results are relevant because palliative care specialists are highly trained in the assessment and management of symptoms and because nausea assessment was done prospectively using validated tools in advanced cancer patients. Primary teams should take advantage of these results Severe Nausea (7-10)
Percentage of patients Fig. 1 Nausea intensity at first follow-up according to baseline nausea intensity Fig. 2 Most frequent pharmacological interventions by nature of the intervention (N=444). NSAID non-steroidal anti-inflammatory drug (e.g., early and frequent use of metoclopramide, constipation management and overall symptom management) to improve chronic nausea relief. The most frequent pharmacological intervention was the initiation/increase of laxative use in 54 % of patients. These results suggest that laxatives were probably under-used in these patients prior to their palliative care consultations. Assessment and management of constipation has been one of the basic skills taught by palliative care specialists since the beginning of the palliative care movement [44] .
We did not find any significant predictors associated with nausea response in our multivariate analysis, suggesting that attempts to identify a single cause in palliative care patients often reveal multiple causes, as reported in the literature [45] . The only significant associated factors for nausea response were improvements in other ESAS symptoms such as anorexia and fatigue ( Table 6 ), suggesting that symptom management in this frail population cannot be achieved by managing a single symptom (nausea) but requires using a multi-symptom approach.
Our results also show that although some patients experienced an improvement in nausea, about the same number experienced worsening. The latter group of patients might benefit from closer follow-up or routine phone assessments to improve the management of their symptoms.
Our work had several limitations. For example, because this study was retrospective, we encountered difficulties in capturing all the events that might have interacted with nausea management. One other limitation is the way constipation was assessed (with a yes/no question). Our team recently reported that constipation should be assessed using an 11-point numeric rating scale of 0 (no symptoms) to 10 (worst possible symptoms) [38] . That type of assessment would probably have allowed us to better comprehend the link between nausea and constipation. Another limitation of the study is the lack of control group or lack of patients in the setting other than seen by outpatient palliative care. It is possible that similar improvement in nausea could be observed by follow-up in a regular oncology clinic. Hence, further prospective controlled studies are needed. More research is also necessary to better understand the association between the severity of nausea and that of other symptoms in cancer patients and to better associate interventions with outcomes. Research that includes prospective longitudinal studies will help to characterize nausea and develop optimal treatment strategies on the basis of risk and response.
